Separation of the different microtubule-associated tau protein species from bovine brain and their mode II phosphorylation by Ca2+/phospholipid-dependent protein kinase C.
Bovine brain tau protein (tau) consists of four closely related phosphoproteins named tau 1, tau 2, tau 3 and tau 4, that range in size from 55 to 68 kDa (as determined by gel electrophoresis). Here we report an improved large-scale purification method for tau protein and the separation of the four individual tau protein species. The separation of the individual tau protein was accomplished by two chromatographic techniques: hydroxyapatite chromatography allowed the separation of two pairs of tau protein (tau 1 and tau 3) and (tau 2 and tau 4); fast protein liquid chromatography on a Mono Q column at basic pH achieved the resolution of the individual tau protein species in each pair derived from hydroxyapatite columns. Chromatography on the Mono Q column revealed that tau protein possesses previously unrecognized, highly reactive sulfhydryl groups that may oxidize to form intermolecular disulfide bridges. The isolation of individual species of tau in substantial quantities permitted an improved amino acid analysis that demonstrated the occurrence of cysteine and tryptophan in the protein. The availability of individual tau protein species greatly simplified the analysis for mode II phosphorylation of tau, which was found to be catalyzed by the calcium/phospholipid-dependent protein kinase C. The mode II phosphorylation of tau by protein kinase C was not associated with a mobility shift for tau protein in SDS-polyacrylamide gel electrophoresis, in contrast to mode I phosphorylation of tau by the Ca2+/calmodulin-dependent kinase, which produces a substantial shift in mobility.